There has been no comprehensive study involving each of the primary dynamic components of accommodation in the same cohort as related to age and presbyopic onset; furthermore, the current findings are equivocal. Dynamic monocular components of accommodation (latency, time constant, peak velocity/amplitude relationship, and microfluctuations) were assessed objectively using an infrared optometer within the linear region of accommodation in 30 visually-normal human subjects aged 21-50 years. The time constant and the peak velocity/amplitude relationship did not change with age. However, latency progressively increased, and microfluctuation amplitude and frequency progressively decreased, with increasing age. The invariance in time constant suggests that the gross biomechanical aspects of the lens and related structures in the remaining linear region are relatively unaffected by age. In contrast, the decrease in microfluctuation activity with age suggests more subtle alterations in the biomechanical aspects of the lens to these very small perturbations, such as a response amplitude non-linearity. With respect to neurologic control, the progressive latency increase suggests a processing delay of the blur input, and this is consistent with age-related changes in reaction time measures. The lack of any age-related changes in the peak velocity/amplitude relationship implies normalcy of central and peripheral neuromotor control, as well as grossly normal first-order lens biomechanics, in this linear response region. The results are consistent with the Hess-Gullstrand theory of presbyopia.
Introduction
Accommodation refers to the lenticular-based change in overall refractive power of the eye to obtain and maintain a focussed retinal image on the high resolution fovea (Ciuffreda, 1991 (Ciuffreda, , 1998 Hung, Ciuffreda, Khosroyani, & Jiang, 2002) . The dynamic aspects of accommodation and the sequence of events leading to a focussed image are complex and multi-faceted, as they involve sensory, motor, neurological, anatomical, biomechanical, and perceptual components. Upon sensing and processing of the defocussed retinal image, a neuromotor command is generated and transmitted to the ciliary body; this initiates appropriate deformation of the crystalline lens and change in refractive power, thereby resulting in an improvement in overall optical quality and clarity of the retinal image. With respect to presbyopia, the emphasis has been on the basic static accommodative and biomechanical changes, although other aspects are of importance, such as dynamic responsivity. In the present study, we therefore studied latency, time constant, the peak velocity/amplitude relationship, and microfluctuations, with these parameters encompassing to varying extents all of the above sequential aspects of dynamic accommodation.
While accommodative dynamics in young adults is well documented (see Ciuffreda, 1991 Ciuffreda, , 1998 Ciuffreda & Kenyon, 1983; Hung et al., 2002 for detailed reviews), the findings as related to the effect of age and in particular presbyopic onset still remains incomplete and equivocal (Allen, 1956; Baker & Gilmartin, 2002; Beers & van der Heijde, 1996; Ciuffreda, Rosenfield, Mordi, & Chen, 2000; Elworth, Larry, & Malmstrom, 1986; Fukuda, Kanada, & Saito, 1990; Heron, Charman, & Gray, 1999 , 2001a , 2001b Heron & Schor, 1995; Schaeffel, Wilhelm, & Zrenner, 1993; Sun et al., 1987; Temme & Morris, 1989; Toshida, Okuyama, & Tokoro, 1998 . Furthermore, sample sizes were frequently very small (Fukuda et al., 1990; Heron et al., 2001a; Heron & Schor, 1995; Sun et al., 1987) , in some cases relatively few presbyopic subjects were included (Allen, 1956; Heron et al., 2001a; Heron & Schor, 1995; Schaeffel et al., 1993) , non-linear regions of accommodation were tested in the presbyopic subjects (Allen, 1956; Sun et al., 1987) which would necessarily result in slowed biomechanics (Shirachi et al., 1978) , and, perhaps most importantly, not all four critical dynamic parameters were investigated in any one study across all subjects over the full adult age range of interest in a large cohort. In addition, some studies assessed global visual search time with manipulation of the accommodative stimulus (Elworth et al., 1986; Temme & Morris, 1989) , which of necessity embedded and combined all four dynamic accommodative components as well as other visuo-temporal processes into a single response parameter. Hence, the component contribution to overall dynamic accommodative responsivity could not be ascertained.
There has been no comprehensive study of dynamic aspects of accommodation tested in the same cohort as related to age and the development of presbyopia, with all critical dynamic parameters being measured in each individual of a relatively large population. Therefore, the purpose of the present investigation was to determine age-related changes in the individual components contributing to the overall dynamic accommodative response cross-sectionally in one of the largest group of subjects tested to date using objective assessment. Furthermore, the same subjects were tested in our earlier study on static aspects of accommodation and age (Ciuffreda et al., 2000; Mordi, 1991; Mordi & Ciuffreda, 1998) , so that together the present findings allow for direct comparison of both static and dynamic changes with age in the same large cohort.
Methods

Subjects
Thirty human adults aged 21-50 years, who volunteered their time and effort, participated in the study. They were derived from the faculty, staff, and student body of SUNY/State College of Optometry. Each subject was prescreened and found to be free of any systemic, neurologic, and ocular disease, and was not taking any drugs and medications that could compromise accommodation. Each had corrected distance and near visual acuity of 20/20 or better and normal binocularity. Full distance correction was worn during all testing. Subjects were divided into six age subgroups: (a) 21-25 years, (b) 26-30 years, (c) 31-35 years, (d) 36-40 years, (e) 41-45 years, and (f) 46-50 years, with five individuals in each subgroup. The experiments were undertaken with the understanding and written informed consent of each subject per our campus' IRB guidelines. The research followed the tenets of the declaration of Helsinki.
Apparatus
A dynamic infrared optometer based on the principle of retinoscopy (Ciuffreda & Kruger, 1988) and calibrated with a custom laboratory model eye (Bausch and Lomb, Rochester, NY) was used in this study (Mordi & Ciuffreda, 1998) (Fig. 1) . The optometer had a bandwidth from dc to 5 Hz, a noise level of <0.12 D, a linear range of ±6.0 D, and an insensitivity to eye movements of 4°horizontally and 2°vertically (Mordi, 1991) . A pair of Badal stimulus optometers was optically aligned with the recording system to allow on-axis stimulation and recording of accommodative responses simultaneously. In those subjects not wearing contact lenses to correct their refractive error, a corrective lens (sphere and/or cylinder) was placed in a holder in the spectacle plane between the eye and mirror M1. The targets were of high contrast (90%) and were comprised of an 8°Maltese-cross incorporating a series of 2°, 4°and 8°diameter concentric circles to maximize the accommodative response. Target luminance was 25 cd/m 2 (see inset, Fig. 1 ).
Procedures
During a preliminary investigation, the accommodative stimulus-response curve (0-4.5 D range, as limited by the physical constraints of our combined optical and accommodation recording system) for each subject was determined objectively by having the subject focus on a slowly-moving ramp stimulus (0.25 D/s) that optimized the overall response (Mordi, 1991; Mordi & Ciuffreda, 1998; Ukai, Tanemoto, & Ishikawa, 1983, see Fig. 5) , while a continuous recording of the accommodative response was obtained on a high speed oscillographic recorder (HP 17401) . This record provided a clear depiction of each subject's linear response range over which subsequent testing was performed.
Test targets T 1 and T 2 were placed within this linear response region. They were optically separated in depth such that an alternate shift from T 1 to T 2 and back corresponded to a 2.0 D stimulus step change when testing the younger subjects (21-35 years of age) having greater than 3 D in their linear range. For the older subjects (P36 years of age), the amplitude of the stimulus step decreased depending on their remaining linear range of accommodation. The alternate shifts between T 1 and T 2 were varied in time (2-10 s) to minimize anticipation and prediction (Phillips, Shirachi, & Stark, 1972) . All subjects were instructed to maintain clear focus of the illuminated target. Head movement artifacts were minimized by use of a bite bar. All testing was performed with natural pupils.
The accommodative responses and the corresponding stimulus positions were recorded using the high speed oscillographic recorder (dc to 100 Hz). The dynamic accommodative parameters of latency, time constant, peak velocity/amplitude relationship (or ''main sequence'') (Schnider, Ciuffreda, Cooper, & Kruger, 1984) were manually assessed by visual inspection of the records. Only in one subject in the oldest age subgroup could a few very small step responses be obtained that were interpretable for the main sequence analysis alone. The latency was taken as the time between target onset and response onset. Time constant was the time for the response to attain 63% of the new steady-state amplitude; it was determined by the tangent intersection procedure (Shirachi et al., 1978) . For both the latency and time constant parameters, the mean of at least 5 Fig. 1 . Schematic of the complete experimental arrangement (the infrared recording retinoscope and the Badal stimulus optometer systems). The chopper C, lenses L1 and L2, neutral density and cut-off filters F1 and F2, beamsplitter M1, and source S together constitute the illumination system of the infrared optometer. Lenses L3 and L4, horizontal slit aperture A, and a pair of photo-detectors P constitute the detection system of the infrared optometer. Beamsplitters M3 and M4, lenses L5 and L6, and targets T 1 and T 2 were used to stimulate the accommodation system. B1, B2 are light baffles. E is at the center of the entrance pupil of the observer. Insert shows target configuration. responses in each direction was determined for each subject. Peak velocity was assessed by determining the maximum gradient (or slope) of the tangent to the initial response trajectory. At least 25 measures of peak velocity for movements in both directions were obtained for each subject. The main sequence plot used depicts the relationship between response amplitude and its correlated peak velocity.
To assess accommodative microfluctuations, each subject in all 6 age subgroups focused on the target positioned within the midrange of the linear region of their respective stimulus-response curve. Subjects were instructed to suppress the blink reflex during which time the steady-state accommodative response to stationary targets (0, 1, 2, 3, 4, 4.5 D) was recorded with an oscillographic recorder, as well as with an IBM PC computer using analog-to-digital ''Dash 16'' hardware with a sampling rate of 20 Hz. Data were later analyzed using power spectrum analysis over a 12.5 s duration incorporating a Hamming window. In addition, as a control experiment to determine the noise level of the entire dynamic optometer recording system, its ''power spectrum'' was determined using a special myopic schematic eye (Bausch and Lomb, Rochester, NY). The system's overall noise level is shown in Fig. 2 .
Results
The dynamic accommodative parameters of latency, time constant, and the peak velocity/amplitude relationship were determined from individual non-predictable step response records as shown in Fig. 3 .
Latency
Individual subject mean latency of accommodation values (and SD) ranged from 325 ms (±35) to 530 ms (±58), with subgroup mean latencies (and SEMs) ranging from 343 ms (±16) to 407 ms (±23). Mean subgroup variability in latency was 40 ms, and ranged from 20 to 50 ms; it did not show any trend with age. These values were all within the normal range as found by others (380 ± 80 ms, for the mean ±1 SD) (Campbell & Westheimer, 1960; Cornsweet & Crane, 1970; Randle & Murphy, 1974; Shirachi et al., 1978; Tucker & Charman, 1979) . The slope of the linear regression lines indicated that the latency of accommodation increased at a rate of approximately 2.5 ms per year for subjects between 20 and 50 years of age (Fig. 4) 
Time constant
Individual subject mean time constant values ranged from 120 to 360 ms, with subgroup mean time constants ranging from 120 to 280 ms. Mean subgroup variability in time constant was 30 ms with no apparent age-related trend. These values were comparable to the normal Fig. 3 . Representative objective records of dynamic accommodation responses to randomized step inputs. Upper trace in each pair is the response, and the lower trace is the stimulus; upper record is run at slow speed, and lower pair is run at fast speed. findings of others (Shirachi et al., 1978; Stark, 1987; Sun et al., 1987; Tucker & Charman, 1979) . The subgroup data for time constant showed invariance with age (Fig.  5) . The one-way ANOVA on the subgroup data confirmed this observation; the age subgroup time constants were not significantly different [F ð4; 20Þ ¼ 0:81, p ¼ 0:52, and F ð4; 20Þ ¼ 0:92, p ¼ 0:49, for increasing and decreasing accommodation, respectively]. Thus, the time constant parameters measured over the residual linear response region for each subject did not change significantly with age.
Peak velocity/amplitude relationship
The peak velocity/amplitude relationship, or ''main sequence'', for the combined group accommodative responses is shown in Fig. 6 . The dotted line represents the envelope of values obtained from other studies in normal young adults (Ciuffreda & Kruger, 1988; Hung & Ciuffreda, 1988; Schnider et al., 1984) ; the solid line represents the normal envelope of responses derived from the current data, which is similar but extended to include smaller response amplitudes. The results showed that the paired peak velocity/amplitude values were within normal limits. With increasing age, responses shifted from the upper right to the lower left of this normal range, as response amplitudes decreased with increasing age. This shift was primarily due to smaller step inputs used in the older groups to maintain accommodative responsivity within their linear region. Fig. 7 presents the subgroup main sequence plots in terms of their best fit linear regression lines. The slopes of the respective subgroup regression lines appeared to be similar. There was no progressive reduction in slope Fig. 7 . Main sequence linear regression summary for age subgroups (a-e). Only one subject in the oldest age subgroup (f) (46-50 years of age) showed clear responses to the step inputs, and thus no subgroup data were available here. Regression equations and correlation coefficients are given. Dotted line represents normal main sequence envelope of responses from earlier studies.
with increased age. And, all regression lines remained within the normal response envelope.
Microfluctuations of accommodation
The steady-state accommodative responses to the various fixed dioptric stimulus levels (0, 1, 2, 3, 4, and 4.5 D) demonstrated qualitatively that the overall amplitude and frequency characteristics for the younger subjects were roughly proportional to the midrange dioptric response level, as shown by others (Miege & Denieul, 1988; Toshida et al., 1998) . However, as subjects approached absolute presbyopia, the high frequency components of the steady-state response in particular appeared to become markedly attenuated, leaving only the relatively small and more moderately attenuated low frequency components.
This was further tested quantitatively in 2 subjects from each age subgroup by maintaining the accommodative stimulus relatively constant (2 D) and remeasuring the oscillations; however, this time records were input on-line and stored in the computer, and subsequently assessed quantitatively using power spectrum analysis. The results confirmed and clarified our qualitative assessments that with advancing age, the overall accommodative oscillatory activity progressively decreased. That is, the amplitude of both the high and low frequency components was reduced. Furthermore, there was a shift in frequency components towards the lower frequency range. This is evident from Fig. 8 , which shows a representative steady-state accommodative response and correlated power spectrum for one of the youngest and one of the oldest subjects. The high frequency oscillation was quite prominent in the youngest Fig. 8 . Dioptric output (upper) and time-correlated power spectrum (lower) for microfluctuations of accommodation for (A) a representative younger subject (27-years-old), and (B) an older subject (49-years-old). Two diopter fixed stimulus level. subject; it was absent in the older subject, with it approaching the ''noise'' level of the system as determined with the calibration schematic eye (see Fig. 2 ). At the low frequency end of the spectrum, the power was about 2 log units greater in the younger subject, and the high frequency component disappeared or approached the noise level. Systematic reduction in overall accommodative oscillatory activity is perhaps most clearly demonstrated in Fig. 9 . Here the power spectrum for one representative subject from each age subgroup is presented. The overall responsivity progressively decreased both with respect to its amplitude and frequency, and the spectrum profile converged on the graph origin with increasing age.
Discussion
Latency
There are only two systematic studies (Heron et al., 2001b; Sun et al., 1987) which examined the influence of age on accommodative latency. They showed that the latency of accommodation did not change with age. On the contrary, in the present study, it was found that the latency for accommodation increased as a function of age, as expected for all reaction time measures (Bettis, 1986) ; this was significant for increasing accommodation, with a trend in this direction for decreasing accommodation. The lack of any difference (i.e., increase) with age in the Sun et al. (1987) study probably resulted from the paucity of data generated from the small sample (n ¼ 6), as well as the lack of use of statistical analysis. In the Heron et al. (2001b) investigation, the lack of any difference probably resulted from the large response variability across their subjects, especially in the incipient presbyopes. Increased processing time for the accommodative response is probably not due to plant limitations, nor primarily to peripheral neuromuscular transmission delays, but rather it is speculated to result from a delay in central higher-order neural processing time.
Time constant
In the present study, it was found that the time constant for accommodation (in the linear response region) was age invariant. There are six primary studies (Allen, 1956; Beers & van der Heijde, 1996; Elworth et al., 1986; Heron et al., 2001b; Sun et al., 1987; Temme & Morris, 1989 ) that address this time constant and age issue. Allen (1956) was the first to examine the influence of age on the overall ''speed of accommodation''. He concluded that the crystalline lens changed shape faster in younger versus older subjects. Using a quasi-predictable psychophysical design paradigm, he determined the time required for subjects to change accommodation to differently-sized step inputs and report target clarity within their accommodative range. By careful study of the accommodative response versus time profiles (Fig. 3 , Allen, 1956) , it is evident that the velocity associated with the completion of a 10 D response by younger subjects is much greater than that for older subjects, for example, to attain only a 3 D response level. However, and most importantly, this is consistent with the neurologically-dictated main sequence control (i.e., peak velocity/amplitude relationship; see later Section 4) (Ciuffreda & Kruger, 1988; Hung & Ciuffreda, 1988; Schnider et al., 1984) , which demonstrates that the greater the magnitude of the accommodative response change, the greater the associated accommodative peak velocity. Thus, if a 40-year-old can only accommodate 2 D and a 14-year-old can accommodate 10 D, the velocity associated with the 10 D change would naturally be greater based on normal physiological and neurological control. However, if both the 40-year-old and the 14-year-old change accommodation by the same amount, for example 1 D, within their respective linear response range, Allen's slope data (1956) shows similar velocity maxima for both subjects, as demanded by the main sequence relationship. Therefore, the statement that the crystalline lens changes shape faster in youth than in maturity is misleading and in fact not supported by Allen's data, nor ours. At any age, if the change of Fig. 9 . Power spectra for microfluctuations of accommodation for a representative subject from each age subgroup. Ages in years are designated for each subject profile. Two diopter fixed stimulus level.
accommodative response remains in the linear region, the dynamics follow and are dictated by the main sequence neurological relationship. And, at any age, if the change of accommodative response intrudes into the upper non-linear saturation region, response dynamics will be relatively slowed due to the non-linear biomechanical aspects of the lens (Shirachi et al., 1978) .
Although Elworth et al.'s (1986) investigation may be criticized for the complex visual search tasks involved, they found that during ideal (i.e., non-degraded) viewing conditions, older subjects could perform the task nearly as rapidly as the younger subjects. This is in reasonable agreement with the present study. However, during degraded viewing conditions, the overall task response time (which included overall embedded and combined accommodative dynamics) increased as much as tenfold for the older subjects, but this probably reflected multiple factors as discussed earlier.
Similar complex tasks were involved in an investigation by Temme and Morris (1989) . They reported on the so-called ''speed of accommodation'' and age. However, this was actually based on a complicated experimental design in which subjects were simultaneously required to perform complex discriminations, binocular eye movements, and accommodative changes; thus, accommodation per se in isolation was not studied, but rather all four dynamic components were embedded in a complex far-near visual search task. It is interesting that Temme and Morris (1989) found that the ''the speed of accommodation'' change from far-to-near slowed with increased age in a statistically significant fashion; however, the near-to-far changes did not. Again, such results are difficult to interpret with respect to their individual component contributions.
The first direct study of time constant was conducted by Sun et al. (1987) in a very small population of subjects (n ¼ 6). They reported a twofold increase in the time constant of accommodation for their 40-year-old versus 13-year-old subject. This is in apparent conflict with the present study. However, it may be explained by the fact that the stimulus level used by Sun et al. (1987) intruded into the upper non-linear region of accommodation for the older subject, whereas in the present study, stimuli were purposely restricted to the linear response region of each individual subject's accommodative range as determined objectively. As demonstrated by Shirachi et al. (1978) , the time constant for accommodation has upper level range non-linearities as mentioned earlier. In this region approaching the accommodative amplitude, independent of age, the time constant will be greater due to the normal biomechanical characteristics and related limitations of the lens and related structures.
In a more recent study by Beers and van der Heijde (1996) , they too found that the time constant for a 1 D step change between 0.6 and 1.6 D nearly doubled between ages 20 and 45 years, with an increase of approximately 7 ms/year, all of which was attributed to age-related changes in the visuo-elastic properties of the lens. These results also appear to conflict with the present findings. However, their measurements were indirect. First, Beers and van der Heijde (1996) assumed that the relative change in equitorial lens radius was directly related to the square root of the relative change in central axial lens thickness; however, since the lens curvature change is aspheric, a direct relationship, especially with respect to lens power, may not hold. Furthermore, central lenticular cycloplasmic flow during accommodation, which produces the measured dynamic axial lens thickness changes, may not reflect the overall cycloplasmic movement, which is related to total optical power, as this flow would probably be greatest in the newly-formed peripheral cortical lens fibers. Second, they used their model (with numerous assumptions) to fit the data rather than using direct optical measurements of overall lens power as done in the present study. And, third, the response range tested may have included the low dioptric end non-linear region in some subjects (Ciuffreda, 1991 (Ciuffreda, , 1998 , and hence comparisons would be difficult. Lastly, the results of Heron et al. (2001a Heron et al. ( , 2001b were consistent with ours, as they too took great care to remain within the linear response region of each subject.
Main sequence
There has only been one study directly investigating the relationship between the accommodative response magnitude and its associated peak velocity as a function of age (Schaeffel et al., 1993) . Their values were all very low with respect to those of others (Ciuffreda & Kruger, 1988; Hung & Ciuffreda, 1988; Schnider et al., 1984) , especially for the older subjects. However, it was not clear if they measured peak velocity or average velocity. The latter would be considerably lower than the former. Furthermore, the measure of average velocity would not be as sensitive to small changes that might occur with age as would be true for peak velocity, because of its steeper response gradient. Lastly, it appears that they too intruded into the upper-end range of accommodation in the older subjects where saturation-related system range non-linearity would result in biomechanically-induced reduced velocities (Shirachi et al., 1978) . More recently, the study of Heron et al. (2001a Heron et al. ( , 2001b showed little change in mean (not peak) accommodative velocity with age; however, this could be due to the large variability in their subjects, especially the incipient presbyopes, as well as use of mean velocity which acts to reduce detectability of subtle response differences.
The responses of the subjects in the present study were considered normal, since the vast majority of data points (>95%) fit within the normal ellipsoidal envelope of response. The normal, ''lower'' velocities found for the older subjects are predicted by and are consistent with the fact that they were, by necessity of design, presented with smaller stimulus step changes to remain within their ever-shrinking (with age) linear response range, as discussed earlier; and, therefore they responded with correspondingly smaller and normal amplitude movements. Since the main sequence relationship is believed to reflect to a first-order the neurological control signals that drive the mechanical components (i.e., lens and related structures), the present results suggest lack of any gross neurological system deficits. Furthermore, they confirm the relatively normal lens biomechanics and related response properties for the remaining linear response region.
Accommodative oscillations
Power spectrum analysis provided the quantitative tool by which the accommodation oscillations were assessed. The results showed that with advancing age, the mean amplitude of oscillation became attenuated, and furthermore that the high frequency component reduced or even approached the noise level of the recording system. The present results confirmed and extended the findings of most others (Heron & Schor, 1995; Toshida et al., 1998) . The frequency response spectrum of accommodation would be expected to falloff or reduce with age due to biomechanical limitations. Therefore, the gradual age-related decrease in the component frequencies and the complete attenuation of frequencies above 2 Hz found in the present investigation are consistent with current ideas related to presbyopia. However, a study by Krueger (1978) (cited by Charman & Heron, 1988) indicated that the 2 Hz accommodative oscillations increased as a function of age in the few subjects tested; however, with lens aging, enhanced high-frequency responses would be completely unexpected. In the present study, there was no evidence for any age-related increase either in the low (60.5 Hz) or in the high (P1.5 Hz) frequency component of the oscillations. In fact, both decreased as one would expect due to age-related lenticular changes. At present, we cannot offer any explanation for this discrepancy.
The progressive age-related reduction in accommodative oscillations (within the remaining linear response region) suggests a mechanical amplitude threshold phenomenon (i.e., a response amplitude non-linearity) reflecting subtle changes in the lens (and capsule) viscoelastic properties. Given a time constant of 200 ms, the associated system bandwidth would be approximately dc to 0.85 Hz; thus, the system should theoretically respond to frequencies over this range relatively unattenuated. However, in the present study, both high and low frequency oscillations systematically decreased with age. This amplitude non-linearity notion would be consistent with the present findings. Very small amplitudes of oscillation would not be passed by the system. However, the larger response amplitudes made to the 1-2 D step changes would not be expected to exhibit this effect, as was indeed the case with respect to the various parameter associated with the step data.
Lastly, the present findings involving the invariance in time constant and main sequence relationship with age provide support for the lenticular-based HessGullstrand theory of presbyopia (Adler-Grinberg, 1987; Ciuffreda, 1998; Ciuffreda, Ong, & Rosenfield, 1997 , 2000 Gilmartin, 1995; Kaufman, 1992; Stark, 1987) . This theory states that presbyopia results from changes in the lens (and capsule), and, furthermore, that the effort needed to produce a unit change in accommodation remains constant with age. In direct opposition is the extra-lenticular-based Duane-Fincham theory of presbyopia (Adler-Grinberg, 1987; Ciuffreda, 1998; Ciuffreda et al., 2000; Duane, 1925 Duane, , 1931 Fincham, 1955; Gilmartin, 1995; Kaufman, 1992; Stark, 1987) , which states that presbyopia is due to a degeneration and ''weakening'' of the ciliary muscle, and, furthermore, that the innervation/effort needed to produce a unit change in accommodation progressively increases with age. If the ciliary muscle were weakened with age as suggested by Duane, the resultant impairment in contractile ability would be expected to produce slowed dynamic responses, in particular affecting the time constant and peak velocity of the movement. And, if the innervation/effort were increased with age as suggested by Fincham, one might expect more variable responses depending upon the effort level, with some responses even exhibiting dynamic overshoots of accommodation (Ciuffreda & Kruger, 1988) especially in the incipient presbyopes. However, within the linear response region, this was not the case, as both of these parameters were not affected over the wide range of ages tested (i.e., ages 20-45 years). This is consistent with the static accommodation data obtained in this same population (Ciuffreda et al., 2000; Mordi, 1991; Mordi & Ciuffreda, 1998) , as well as histological findings (Nishida & Mizutani, 1992; Tamm, Tamm, & Rohen, 1992) and ciliary muscle force measurements (Fisher, 1977; Saladin & Stark, 1975) , all of which favor the Hess-Gullstrand theory.
